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James Hulka 

Jacobs Sverdrup Technology, Inc., MSFC Group 



Focus on Three Areas of 
Injector Development 




Liquid/gaseous propellants at injector 
- oxygen/hydrogen, oxygen/rnethane 




Heat Transfer Capability is Essential to 

Exploration Mission 
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Previous engine development used mostly empirical methods and 
“test-fail-fix” design philosophy 


Reduce Local Peak Combustor 
Heat Flux Due to Injector 
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optimized 

Design, fabricate, and test advanced elements in highly-resolved 
small scale experiments 



Compatibility/Heat Transfer 
Combustion Chamber 



Layout of Chamber Spools with Instrumentation 



Examples of Coaxial Thermocouple 
Layouts at Different Axial Locations 
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SECTION D-D SECTION E-E SECTION F-F 




Conventional Injector Element Types to be 
Tested as Single Elements 
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Conventional Injector Element Type to be 
Tested as Small Multi-element Injector 



let Shear Coax 
concentric fuel) 





Advanced Compatibility Element 

Development 





Compatibility/Heat Transfer Test Rig at 
The Pennsylvania State University 






Initial Heat Flux Test Results 
Concentric Shear Coaxial Element 



Chamber Length 





Combustion CFD Used for Pre-test Experimental 
Design & Post-Test Code Validation 

enter W*' 
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To be used pending release 

Benefits - generalized grids, scales well, Loci -framework 
Disadvantages - applicable release not available until Fall 2005 



Combustion CFD Used for Pre-test 
Experimental Design 



Chamber Length 





3-D Combustion CFD of Non-concentric 
Shear Coax Single Element 



name shows significant 
effects of 3-D combustion 
flowfield due to LOX post 
offset 


Preliminary Comparisons of Modeling to 

Experimental Results 
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PRELIMINARY DATA 





Robust Ignition is Critical for the 
Exploration Mission 
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Ignition system development is highly empirically 
based (dependent on experimental input into design and 
trial and error testing) ; : 



Ignition Task Plan and Objectives 
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experiments 

Use test data to develop and validate time-accurate combustion 
CFD models for future ignition system design 



Schematic of Single-Phase Cold Flow 
Ignition Experiment Test Article 



Srairdrup 










Cold-Flow Test Article 








Planar Laser-Induced Fluorescence (PLIF) Used 
to Measure Instantaneous Mixture Fraction 



QeMirdrup 




Multiple Samples per Test with Fast Response 

Fuel Valve 
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Opened closed Re-Opened: Laser Pulse; Laser fired at different 

after times with respect to valve opening 

chamber is 
purged of He 



Preliminary Experimental Results 
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CFD Results to Guide Experiment Design 





in igniter design/operation 
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Improve Combustion Stability Margin 
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Focus on coaxial elements as typical for upper-stage and 
Earth Departure Stage engines 




Development of New Non-linear Model 
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Summary and Conclusions 
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Improve non-linear predictive capability with new model 
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Continue model development in progress 
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Tasks Provide Two Deliverables 
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Future capability must include 3-D and multi-element 
effects 



Single Element Program Flowchart 





Funded ! Unfunded 



Medtherm Coaxial Thermocouple 






Combined Coaxial Thermocouple Data 



Chamber 







Ignition Program Flowchart 







Transient CFD Analysis Showing Fuel Simulant 

Entering Chamber 
























